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Cell-free extracts from oak leaves were found to catalyze the esterification of t4C-labeled gallic acid and 
UDP-glucose. The product of the enzymatic reaction was identified as /3-glucogallin by means of TLC and 
HPLC. The reaction proceded linearly with respect to time and protein concentration and had a pH- 
optimum at 7.0. Normal Michaelis-Menten kinetics were observed for the substrates gallic acid (KM = 
1.1 mM) and UDP-glucose (2.3 mM). The new enzyme described here can be classified as UDP-glucose: 
gallate glucosyltransferase, and it is assumed that it catalyzes the first step in the biosynthesis of gallotannins. 
/I-glucogallin (I-galloyl-/3-D-glucose) Gallic acid 
Cell-free extracts 
Uridine-S-diphosphoglucose 
Quercus robur 
1. INTRODUCTION 
Gallotannins are phenolic secondary plant prod- 
ucts characterized by a central polyol moiety (usu- 
ally p-D-glucose) whose hydroxyl groups are es- 
terified with gallic acid. The latter residues are 
substituted with additional galloyl groups linked 
together in the form of meta-depsides. In contrast 
to the rather detailed knowledge of the chemistry 
and natural distribution of these hydrolyzable tan- 
nins (reviews [l-3]), little is yet known concerning 
their biosynthesis. It is assumed that esterification 
of glucose and gallic acid yields fi-glucogallin (l- 
galloyl+D-glucose) as the primary intermediate. 
Further substitution reactions should lead to pen- 
tagalloyl-P-D-glucose, the parent compound of the 
different classes of gallotannins (cf. [3]). For ther- 
modynamic reasons, the participation of activated 
intermediates has to be postulated in such esterifi- 
cation reactions. This has been proven, for in- 
stance, by enzymatic studies on the formation of 
chlorogenic acid and related depsides [4-71, and it 
has been found that cinnamoyl-CoA thioesters 
were utilized as the required carboxyl-activated re- 
agents. On the other hand, the necessary group- 
transfer potential can also be provided by an ener- 
gy-rich derivative of the alcoholic moiety, as has 
been shown for the synthesis of various l-cin- 
namoyl glucosides from UDP-glucose and the free 
acids [8-121. 
Here, I report that preparations from oak leaves 
catalyze, by analogy to the latter reaction-type, the 
transfer of the glucose-moiety of UDP-glucose to 
gallic acid yielding P-glucogallin, the proposed pri- 
mary reaction product in the biosynthesis of gal- 
lotannins. 
2. MATERIALS AND METHODS 
Glucosidogallic acid (4-O+D-glucopyranosyl- 
gallic acid) was synthesized and characterized as in 
[ 13,141. For the synthesis of j?-glucogallin, o-aceto- 
bromoglucose (Serva, Heidelberg) was recrystal- 
lized from ether [ 151 and converted to tetra-o-ace- 
tyl-D-glucose with silver carbonate [ 161. Tri-acetyl- 
gallic acid [ 171 was converted to the corresponding 
acid chloride with PC15 [ 181 and subsequently 
esterified with tetra-acetylglucose [ 191. The pro- 
tecting groups of the resulting hepta-acetylgalloyl- 
glucose were finally removed by treatment with 
sodium methylate [20] yielding analytically pure /I- 
glucogallin (m.p. 210°C FD-MS: M+ 332 m/e). 
cr-Glucogallin and 6-galloylglucose were provided 
by Dr H. Schick (Heidelberg). [U-t%]Gallic acid 
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was a gift of Professor N. Amrhein (Bochum). 
For the preparation of cell-free extracts, young 
leaves (7.5 g) from oak (Quercus robur 15.) were cut 
into small pieces, mixed with 7.5 g pre-wet Poly- 
clar AT and ground in a mortar in 25 ml 0.1 M 
borate buffer (pH 7.5) supplemented with 3 ml 
1 M Tris-HCl (pH 8.0) and 20 mM fl-mercapto- 
ethanol. The homogenate was squeezed through 
muslin and the filtrate centrifuged (20 min, 
35 000 X g). The clear supernatant was fraction- 
ated with solid ammonium sulfate; the pellet 
precipitating between 35-65% saturation was re- 
suspended in 0.05 M KHPOT buffer (pH 7.0) 
containing 5 mM /J-mercaptoethanol, clarified by 
centrifugation, and desalted by’ gel-filtration on 
Sephadex G-25 (Pharmacia PD-10 columns). All 
operations were done at 0-4°C. Protein deter- 
minations were made as in [2 11. 
A 
Enzyme activities were assayed in reaction mix- 
tures (final vol. 50 ~1) containing 5 pmol Tris-HCl 
(pH 7.0), 150 nmol gallic acid, 150 nmol (0.05 &I) 
UDP-D-[U-l%]glucose and 0.2-0.5 mg protein. 
After incubation for 30 min at 30°C the reaction 
was stopped by the addition of 1 pmol p-gluco- 
gallin and 10 ~1 1 N HCl. An aliquot (25 ~1) of the 
deproteinized solution was spotted on silica-gel 
coated plastic-sheets (SIL N-HR, Macherey-Nagel, 
Dtiren) and chromatographed (ethyl acetate- 
ethylmethyl ketone-formic acid-water, 5:3: 1: 1, 
by vol.). P-Glucogallin was located under UV- 
light, the area cut out, and the radioactivity was 
determined by liquid-scintillation in Liquifluor 
(NEN). 
3. RESULTS AND DISCUSSION 
Fig. 1. Identification of &lucogallin by TLC (section 2) 
in a complete reaction mixture, as given in table 1. La- 
beled substrates were: (A) UDP-D-[U-i%]glucose; (B) 
[U- 14C]gallic acid. Reference compounds: (1) ,B- 
glucogallin; (2) glucosidogallic acid; (3) gallic acid. Ra- 
dioactivity was recorded with the thin-layer scanner II 
(Berthold, Wildbad). 
Chromatographic analysis of enzyme reaction with /3-glucogallin (Rr 0.72; gallic acid Rf 0.47). 
mixtures containing gallic acid and UDP-[l%]glu- With this system, it was also possible to separate 
case revealed the formation of a product that co- the product from 6-galloyl-glucose (Rf 0.57). The 
chromatographed with /?-glucogallin (fig. 1A). The reaction mixture was finally analyzed by HPLC 
same compound was detected after incubation of (tig.2). The radioactive substance co-eluted ex- 
radioactive gallic acid and unlabeled UDP-glucose clusively with authentic P-glucogallin and proved 
(fig.lB). In both cases, there was no evidence for also to differ from isomeric a-glucogallin. Sum- 
the formation of glucosidogallic acid, suggesting marizing these data, it is highly probable that p- 
that the enzyme preparation specifically catalyzed glucogallin represents the product of the enzymatic 
the synthesis of a monogailoyl-glucose ester, most reaction. Analogous cinnamoyl derivatives were 
likely the common P-D-glucogallin. This assump- found to be esteritied at the Cl of glucose [9-121, 
tion was further strengthend after TLC on cel- except for one enzyme catalyzing the formation of 
lulose (MN 300, Macherey-Nagel) in 6% acetic the I-glucosyl ester and corresponding glucoside 
acid where the radioactive product again coincided 191. 
68 
Volume 148, number I FEBSLETTERS November 1982 
: : : : 
:: 
i: : : : 
2 
: : ‘, 
;, : 1 /: ; : : : : : : 
: i 
i : : : 
/ 
/ 
/I4  / 
1’ / JI :: : 2; :: ii ::: ,:. : ..: : .2. : 
:..::.. : : 
:. : : 
;; ,, ;,sj... 
ii ..: : 
\ 
P : 
1 I 1 I 
0 5 10 15 
- Radio- 
activity 
A zao- 
/ / 
1 
Retention time (min.) 
Fig.2. Identification of /&[r4C]glucogallin by HPLC. A 
50 ~1 aliquot of deproteinized reaction mixture (with 
UDP-[U-14C]glucose as labeled substrate) was injected 
directly onto a PBondapak Crs-column (3.9 mm i.d. 
x 30 cm; Waters, Milford). Separation was carried out 
with a concave gradient (15 min) of O-20% methanol in 
0.2% acetic acid; flow rate 2 ml/min. Radioactivity was 
recorded with the HPLC-radioactivity monitor LB 503 
(Berthold, Wildbad). Reference compounds: (1) gallic 
acid; (2) /I-glucogallin; (3) a-glucogallin; (4) 6-galloyl- 
glucose. 
Formation of P-glucogallin depends on the pres- 
ence of active enzyme, gallic acid and UDP- 
glucose (table 1). Dithiothreitol at 4 mM final 
cont. was slightly inhibitory and therefore omitted 
in subsequent experiments. Further studies re- 
vealed that the rate of the enzymatic reaction was 
proportional to time and protein concentration, re- 
spectively. The optimal pH was 7.0 (Tris-HCl or 
KHPq buffer); half-maximal activities were ob- 
served at pH - 5.5 (Na-acetate buffer) and pH 8.5 
(glycine-NaOH buffer). The enzyme exhibited 
normal Michaelis-Menten kinetics with both sub- 
strates. Saturation was achieved with 3 mM gallic 
acid (KM = 1.1 X 10-3 M) and with 4 mM UDP- 
glucose (KM = 2.3 X 1O-3 M). 
This is the first report of an in vitro system cata- 
lyzing the formation of j%glucogallin. From the 
Table 1 
Cofactor requirement for fi-glucogallin synthesis 
/?-Glucogallin formed (nmol) 
(A) From UDP- (B) From [U-14C]- 
[U-r4C]glucose gallic acid 
Complete 
- gallic acid 
- UDP-glucose 
- dithiothreitol 
+ heat-denatured 
enzyme 
2.1 2.2 
0.19 
_ 0 
2.4 2.1 
0 0 
The complete reaction mixture contained in a final vol- 
ume of 50 ~1: 5 pmol Tris-HCl (pH 7.0) 50 nmol gallic 
acid (= 0.075 PCi in expt. B), 100 nmol UDP-glucose 
(= 0.05 @i in expt. A), 200 nmol dithiothreitol and 
0.24 mg protein. The assays were incubated at 30°C for 
lh 
above data, the enzyme can be classified as UDP- 
glucose; gallate glucosyltransferase. We are cur- 
rently investigating whether this reaction repre- 
sents the initial step in the biosynthesis of gallotan- 
nins, and particularly whether galloyl-CoA [ 141 
can be utilized in the subsequent steps of this path- 
way as energy-rich intermediate. 
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